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REAR SUSPENSION SYSTEM FOR A embodiments , the rear suspension further includes a flexible , 
SNOWMOBILE composite member , a rear shock connected between the one 

or more slide rails and the upper cross member , a rear shock 
CROSS REFERENCE link , a rear cross member connected between the one or 

more slide rails , and a lower shock pivot member pivotally 
This application claims the benefit of and priority to U.S. connected to the rear cross member . The rear shock is 

provisional application 62 / 805,062 , titled “ REAR SUSPEN- connected to a rear portion of the lower shock pivot member 
SION SYSTEM FOR A SNOWMOBILE " , filed Feb. 13 , and the rear shock link is connected via a spherical pivot 
2019 , the contents of which are incorporated by reference joint to a forward end of the lower shock pivot member . The 
herein . The present application is related to co - pending 10 flexible , composite member is coupled at a first end to the 
application Ser . No. 16 / 789,919 filed on the same date as the one or more slide rails . 
present application and titled “ REAR SUSPENSION SYS 
TEM FOR A SNOWMOBILE ” . This application is incor BRIEF DESCRIPTION OF THE DRAWINGS 
porated herein by reference . 

FIG . 1 is a side view of a snowmobile having a rear TECHNICAL FIELD suspension according to some embodiments . 
FIG . 2 is an isometric view of the skid frame according to The invention relates generally to snowmobiles and , in some embodiments . particular , to a rear suspension system for snowmobiles . FIG . 3 is a side view of the skid frame according to some 

BACKGROUND embodiments . 
FIG . 4 is a top view of the skid frame according to some 

A typical snowmobile includes a chassis , an engine , a embodiments . 
drive track , a drive train , and a suspension . The suspension FIG . 5 is a front view of the skid frame according to some 
includes two separate systems , a front suspension system for 25 embodiments . 
the skis and a rear suspension system for the track . FIG . 6 is a side view of a suspension arm utilized in the 

The rear suspension of a snowmobile supports an endless rear suspension according to some embodiments . 
track driven by the snowmobile engine to propel the FIG . 7 is a top view of the suspension arm utilized in the 
machine . The track is supported beneath the vehicle chassis rear suspension according to some embodiments . 
by a rear suspension that is designed to provide proper 30 FIG . 8 is an isometric view illustrating mounting of the 
weight balance and ride comfort by absorbing some of shock suspension arm to the chassis according to some embodi 
as the snowmobile traverses the terrain . Most modern snow 
mobiles utilize a slide rail suspension which incorporates a FIG . 9 is an isometric view illustrating adhesion of the slide rail along with several idler wheels to support the track . suspension arm to the “ c - channel ” mount according to some The slide rail typically is suspended beneath the chassis by 35 embodiments . two or more suspension arms , each arm being attached at its FIG . 10 is a top view of a suspension arm utilized in the upper end to the chassis of the snowmobile and attached at 
its lower end to the slide rail . The mechanical linkage of the rear suspension to provide dual rate suspension according to 

some embodiments . slide rail to the suspension arms and to the snowmobile 
chassis typically is provided with springs to urge the slide 40 FIG . 11 is a side view of the suspension arm that illustrate 
rails downwardly away from the snowmobile chassis . the relative movement between the tongue and the suspen 

It would be beneficial to provide a rear suspension that is sion arm according to some embodiments . 
lighter and less complex that traditional rear suspension FIG . 12 is side view of snowmobile having skid 
systems , while providing advantages over known systems . frame according to some embodiments . 

FIG . 13 is a rear isometric view of the skid frame 
SUMMARY according to some embodiments . 

FIG . 14 is a front isometric view of the skid frame 
According to some embodiments , a snowmobile may according to some embodiments . 

include a chassis , at least one ski steerably secured to a front FIG . 15 is a side view of the skid frame according to some 
of the chassis , and a skid frame that includes one or more 50 embodiments . 
slide rails extending longitudinally , rear idler wheels , upper FIG . 16 is a top view of the skid frame according to some 
idler wheels connected by an upper cross member , and a rear embodiments . 
suspension . The rear suspension may further include a FIG . 17 is a bottom isometric view of a transition bracket 
flexible , composite member , a rear shock connected between utilized to control the relative movement between the tongue 
the one or more slide rails and the upper cross member , a 55 and the suspension arm according to some embodiments . 
rear shock link , a rear cross member connected between the FIG . 18 is a top isometric view of a transition bracket 
one or more slide rails and a lower shock pivot member utilized to control the relative movement between the tongue 
pivotally connected to the rear cross member . The rear shock and the suspension arm according to some embodiments . 
is connected to a rear portion of the lower shock pivot FIG . 19 is a top isometric view of a transition bracket 
member and the rear shock link is connected via a spherical 60 having a cam for adjusting the relative movement between 
pivot joint to a forward end of the lower shock pivot the tongue and the suspension arm according to some 
member . The flexible , composite member is coupled at a first embodiments . 
end to the one or more slide rails and at a second end to the FIGS . 20A and 20B are side views of the transition 
chassis . bracket in first and second positions according to some 

According to some embodiments , a skid frame may 65 embodiments . 
include one or more slide rails , upper idler wheels connected FIG . 21 is a top view of the transition bracket according 
by an upper cross member and a rear suspension . In some to some embodiments . 

ments . 
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FIG . 22 is a side view of a suspension arm that includes to the chassis 12 through front suspension 22. The skid 
a finger portion utilized to provide dual - rate suspension frame is attached to the chassis 12 through the rear suspen 
according to some embodiments . sion 30 . 
FIG . 23 is an isometric view of a suspension arm that In some embodiments , skid frame 24 includes one or 

includes a finger portion utilized to provide dual - rate sus- more slide rails 28 extending longitudinally along the length 
pension according to some embodiments . of the skid frame 24. In some embodiments , a single slide 

FIG . 24 is an isometric view of a suspension arm that rail is utilized , centered along the length of skid frame 24. In 
includes two uni - directional arms with a long fiber injection other embodiments , such as that shown in FIGS . 1-5 , a pair 
molded arms according to some embodiments . of slide rails 28a , 28b extend longitudinally along the length 

FIGS . 25A - 25C are side views of the snowmobile and 10 of the skid frame 24 , wherein the slide rails 28a , 28b are 
rear suspension in various states of travel , including rear substantially parallel with one another . As shown in FIG . 2 , 
travel , front and rear travel , and front travel , respectively . a plurality of cross - members are connected to the pair of 

FIGS . 26A - 26C are side views of the rear suspension in slide rails 28a , 286 , including rear cross member 50 , first 
various states of travel , including rear travel , front and rear middle cross member 51 , second middle cross member 52 , 
travel , and front travel , respectively . 15 and forward cross member 53. In some embodiments , the 
FIG . 27 is an isometric view of the skid frame according plurality of cross - members are coupled to the rails 28. The 

to some embodiments . components of rear suspension 30 , including rear shock 40 , 
FIG . 28 is a side view of the skid frame according to some lower shock link 42 , forward shock 44 , flexible member 46 

embodiments . and forward strap 66 are secured to the pair of slide rails 28a , 
FIG . 29 is an isometric view illustrating mounting of the 20 286 or to the respective cross members connected between 

suspension arm to the chassis according to some embodi- the rails 28a , 28b . Endless track 26 is slidably engaged with 
ments . the one or more rails 28a , 28b ( e.g. , via a wear strip ) as well 
FIG . 30 is a rear view of the tunnel and skid frame as being engaged with several idler wheels , including rear 

according to some embodiments . idler wheel 32 , first forward idler wheels 36 , second forward 
FIG . 31 is an isometric view of the skid frame according 25 idler wheels 38 , upper idler wheels 34 , and rear middle idler 

to some embodiments . wheels 48. The endless track 26 is driven by a drive sprocket 
FIGS . 32A - 32C are graphs illustrating the relationship ( not shown ) located forward of the idler wheels . Rear idler 

between travel of the rear suspension and spring force for wheels 32 are rotatably secured to the rearward end of slide 
loads applied to the middle , front and rear of the rear rails 28a , 285 , along with middle idler wheel 48 pivotally 
suspension according to some embodiments . 30 connected to rear cross member 50. Likewise , first forward 
FIG . 33 is an isometric view of the skid frame according idler wheels 36 and second forward idler wheels 38 are 

to some embodiments . rotatably connected to slide rails 28a , 28b at a location 
FIG . 34 is an isometric view of the skid frame and shackle forward of the rear idler wheels 32 . 

mounts according to some embodiments . In some embodiments , upper idler wheels 34 are pivotally 
FIG . 35 is an isometric view of the skid frame and shackle 35 connected to upper cross member 64 , which is in turn 

mounts according to some embodiments . coupled to the chassis 12 and / or frame 14 of the snowmobile 
FIG . 36 is an isometric view of the skid frame and shackle 10. Upper shock mount 54 is pivotally connected to upper 

mounts according to some embodiments . cross member 64 , wherein the upper shock mount 54 
includes a rear end connected to rear shock mount cross 

DETAILED DESCRIPTION 40 member 57 and forward end connected to forward shock 
mount cross member 59. As shown in FIG . 2 , rear shock 40 

The present disclosure is directed to a rear suspension has a first end ( a rear , lower end ) connected to first middle 
system utilized in snowmobiles . The rear suspension cross member 51 and a second end ( forward , upper end ) 
includes at least a flexible , composite member that is con- connected to the upper shock mount 54 via forward shock 
nected between the chassis and the skid frame . The flexible 45 mount axle 59. As rear shock 40 is compressed upper shock 
member controls suspension movement , track tension , and mount 54 rotates about shock mount axle 59 , as permitted by 
provides a desired spring rate to the rear suspension . In some lower shock link 42 and rear shock 40 . 
embodiments , the flexible member includes a main body and In addition to rear shock 40 , some embodiments include 
a secondary body . During a first length of travel of the rear forward shock 44 , which is pivotally connected to second 
suspension the spring rate is a function of the main body . 50 middle cross member 52 at a first end , and pivotally con 
During a second length of travel of the rear suspension the nected to upper shackle mount 58 at a second end ( as shown , 
spring rate is a function of both the main body and the for example , in FIG . 5 ) . In addition , in some embodiments 
secondary body thereby providing a second spring rate . a forward strap 66 is connected at a first end to the forward 

Referring now to FIGS . 1-5 , a snowmobile 10 having a cross member 53 ( as shown in FIG . 2 ) and at a second end 
skid frame 24 is shown . Those skilled in the art will 55 to the upper shackle mount 58. In some embodiments , 
appreciate the basic construction of a snowmobile 10 as forward strap 66 is configured to limit the maximum dis 
including a chassis 12 , a body 16 , a seat 18 , at least one front tance between the slide rails 28a , 28b and the upper shackle 
ski 20 , front suspension 22 , an endless track 26 and a skid mount 58. In some embodiments , rear shock 40 , forward 
frame 24 having a rear suspension 30. In some embodi- shock 44 , and forward strap 66 do not support the weight of 
ments , the skid frame 24 further includes one or more slide 60 the snowmobile 10. Rather , the rear and forward shocks 40 
rails 28a , 28b , rear idler wheel 32 , upper idler wheel 34 , first and 44 act to dampen movement ( e.g. , bouncing ) of the rear 
forward idler wheel 36 , and second forward idler wheel 38 . suspension 30. The weight of the snowmobile 10 is sup 
In some embodiments , the rear suspension 30 includes rear ported in the rear suspension 30 by flexible , composite 
shock 40 , lower shock link 42 , forward shock 44 , and member 46 , which provides a spring force that urges the 
flexible , composite member 46. The body 16 and seat 18 are 65 slide rails 28a , 28b downward away from the chassis 12 and 
secured to the chassis 12 along with other standard or into contact with the ground and acts to absorb bumps in the 
optional components . The one or more skis 20 are secured terrain by allowing the skid frame 24 to “ travel ” relative to 
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the chassis 12. In some embodiments , however , one or both 70 , but in other embodiments may be connected to the main 
of the rear shock 40 and front shock 44 support at least a portion 71 on the forward side of tongue 70. As a result , the 
portion of the weight of the snowmobile and also provide main portion 71 of flexible member 46 acts as a spring to 
damping . By way of example , one or both of the rear shock resist displacement of the one or more slide rails 28a , 28b , 
40 and front shock 44 can include an air shock ( e.g. , FOX 5 but the tongue 70 does not contribute to the spring rate 
Float QS3 ) . Further , in some embodiments , the rear suspen provided during a first length of travel of the rear suspension sion 30 includes one or more coil springs , which may be 30. As the main portion 71 of flexible member 46 is used in conjunction with one or more shocks ( e.g. , reach displaced , a vertical gap is created between the main portion shock 40 , front shock 44 ) and flexible , composite member 
46. Further , in some embodiments — such as that shown in 10 FIG . 11 , for example ) . A transition mechanism 72 is utilized 71 of flexible member 46 and the tongue 70 ( as shown in 
FIG . 31 — the rear suspension 30 includes one or more to define the allowed or maximum gap between the main torsion springs 340a , 340b , in addition to one or more 
shocks , and flexible , composite member 46. As described in portion 71 and the tongue 70 , which in turn determines the 
more detail with respect to FIGS . 25A - 25C and 26A - 26C , distance the rear suspension is allowed to travel before 
travel may include travel of the rear portion of the skid frame is transitioning from the first spring rate to the second spring 15 
24 toward the chassis 12 , the forward portion of the skid rate . Subsequent displacement of the flexible member 46 
frame 24 toward the chassis 12 , or both the rear and forward after the transition mechanism 72 is engaged by the tongue 
portions of skid frame 24 toward the chassis 12 . 70 is subject to the second spring rate , wherein both the main 
As shown in FIGS . 1-5 , the flexible member 46 is coupled portion 71 and the tongue 70 contribute to the spring force 

between the one or more slide rails 28a , 28b and the chassis 20 acting to resist additional displacement of the slide rails 28a , 
12. In some embodiments flexible member 46 is coupled at 286. That is , in some embodiments , during a first length of 
a first end to lower shackle mount 60 and coupled at a second travel in which flexible member 46 flexes relatively inde 
end to upper shackle mount 58. Lower shackle mount 60 is pendently of tongue 70 — the flexible member 46 provides a 
coupled to slide rails 28a , 286 , while upper shackle mount first spring rate . During a second length of travel in which 
58 is coupled to the chassis 12. In some embodiments , lower 25 tongue 70 is engaged by transition mechanism 72 and moves 
shackle mount 60 is connected to slide rails 28a , 286. As in tandem with the main portion 71 — the flexible member 46 
shown in FIG . 2 , upper shackle mount 58 is connected to provides a second spring rate , wherein the second spring rate 
chassis 12 , and in particular to tunnel 14 of chassis 12 In is greater than the first spring rate . The position of transition 
some embodiments , lower shackle mount 60 and / or upper mechanism 72 determines the point at which the flexible 
shackle mount 58 are integrally formed as part of flexible 30 member 46 transitions from a first spring rate to a second 
member 46 ( e.g. , as shown in FIG . 22 ) , wherein flexible spring rate . In some embodiments , the flexible member 46 
member 46 is then connected to the slide rails 28a , 28b at a has a variable spring rate ( e.g. , rising rate ) prior to engage 
first end and to chassis 12 at a second end . As discussed in ment of the tongue 70 with the transition mechanism 
more detail below , the composition , shape , and geometry of further in some embodiments , the flexible member 46 has a 
flexible member 46 is selected to provide the desired spring 35 variable spring rate ( e.g. , rising rate ) after engagement of the 
response between the slide rails 28a , 28b and the chassis 12 tongue 70 with the transition mechanism 72. FIGS . 32A 
of the snowmobile 10 , as well as to control suspension 32C are graphs illustrating exemplary relationships between 
movement , control track tension , and provide a desired the spring force ( i.e. , pounds ( lbs . ) ) shown on the y - axis ) and 
spring rate ( or spring rates ) to the rear suspension . In some suspension travel in inches ( x - axis ) measured at the appli 
embodiments , the composition is a polymer composite 40 cation of force in which the spring force increases through 
material that includes a fiber and resin composition selected out travel of the rear suspension . In the embodiment shown 
to provide the desired stiffness , strength , and spring rate ( or in FIGS . 32A - 32C is based on a flexible member having a 
spring rates ) . For example , in one embodiment the flexible tongue connected to the main portion on a rear side . In 
member is formed from unidirectional glass fibers and an particular , FIG . 32A illustrates the relationship between 
epoxy resin matrix . In some embodiments , the unidirectional 45 spring force and suspension travel if the load is applied to 
glass fibers comprise by volume between 50-70 % of the the middle of the skid frame 24. In some embodiments , the 
composite structure . In some embodiments , the geometry of spring force increases approximately linearly at a first rate 
the flexible member 46 is defined by a thickness , a width , from zero inches to approximately three inches ( labeled t? ) 
and a length , wherein one or more of these features is varied and increases approximately linearly at a second rate from 
across the geometry of the flexible member 46. For example , 50 approximately three inches to eight inches . In FIG . 32A , 
the thickness of the flexible member 46 may vary over the travel is measured at the point at which force is applied ( e.g. , 
length and / or width of the flexible member . Likewise , the approximately the middle point along skid frame 24 ) . Like 
width of the flexible member 46 may vary over the length of wise , FIG . 32B illustrates the relationship between the 
the flexible member ( for example , as shown in FIG . 4 , in spring force and suspension travel if the load is applied to 
which the forward end of the flexible member has a width di 55 the rear of the skid frame 24. The spring force increases 
that is greater than the width d2 at the rearward end ) . approximately linearly at a first rate from zero inches to 

In some embodiments , the flexible member 46 includes approximately three inches ( labeled tz ) and increases 
one or more features that provide a first spring rate over a approximately linearly at a second rate from approximately 
first length of travel ( e.g. , a portion of suspension travel ) and three inches to eight inches ( once again as measured at the 
at least a second spring rate over a second length of travel 60 application of force at a rear end of the skid frame 24 ) . FIG . 
( e.g. , a portion of suspension travel ) . For example , in the 32C illustrates the relationship between the spring force and 
embodiment shown in FIG . 2 , the flexible member 46 suspension travel if the load is applied to the front of the skid 
includes a tongue 70 formed within a main portion 71 of the frame 24. As shown in FIG . 32C , the spring rate increases 
flexible member 46. As shown in FIG . 4 , tongue 70 is approximately linearly throughout the length of travel . In 
separated from the main portion 71 of flexible member 46 on 65 this embodiment , the tongue portion is not engaged , which 
three sides . In the embodiment shown in FIG . 4 , tongue 70 results in the spring force increasing approximately linearly 
is connected to the main portion 71 on the rear side of tongue throughout the length of travel . 
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In the embodiment shown in FIGS . 1-6 the transition is defined by a forward width ds , and rear end 86 is defined 
mechanism 72 is a U - shaped bar attached to the main portion by a rear width dg . In some embodiments , the transition from 
of the flexible member 46 and extending over the tongue 70 , the rear width to the front width is represented by a curved 
the height of the U - shaped bar over the tongue 70 determines surface 79. In other embodiments , the transition from rear 
the transition point of the flexible member 46 from the first 5 width do to forward width d , may be linear or may utilize 
spring rate to the second spring rate . In some embodiments , other geometries . The rear tongue 80 is defined by a length 
the transition point between the first spring rate and second d , and a width dg , while the forward tongue 82 is defined by 
spring rate is modified by changing the height of the a length d , and a width d1o . In some embodiments , the length 
transition mechanism 72. In some embodiments , the second d , of rear tongue 80 is greater than the length d , of forward 
spring rate is modified by changing the position of the 10 tongue 82. In some embodiments , the width dg of rear tongue 
transition mechanism along the length of tongue 70 . 80 is greater than the width dio of forward tongue 82. In the 

Referring to FIG . 6 , a side view of flexible member 46 is embodiment shown in FIG . 7 , the geometry of the rear 
shown connected to lower shackle mount 60 and upper tongue 80 and forward tongue 82 are selected to provide the 
shackle mount 58. In some embodiments , lower shackle desired change in spring rate during travel of the rear 
mount 60 includes apertures or holes 68 for receiving bolts 15 suspension , wherein the rear tongue 80 tends to impact the 
for attaching the lower shackle mount to the slide rails 28a , spring rate provided during travel of the front portion of the 
286. Similarly , in some embodiments , upper shackle mount suspension ( illustratively shown in FIG . 25C ) while forward 
58 likewise includes holes 68 for receiving bolts for attach- tongue 82 tends to modify the spring rate provided during 

upper shackle mount to the tunnel 14 and / or chassis travel of the rear portion of the suspension ( illustratively 
12. In some embodiments , one or both of the shackle mounts 20 shown in FIG . 25A ) . In this embodiment , a first spring rate 
58 , 60 have a groove or recess for receiving a portion of the may be provided during a first length of travel , a second 
flexible member 46. In some embodiments , for example as spring rate may be provided during a length of travel 
shown in FIG . 9 , lower shackle mount 60 is a C - shaped associated with the forward portion of the rear suspension 
mount that includes a groove for receiving a portion of the via contributions of the rear tongue 80 to the spring rate , a 
flexible member 46. Likewise , in some embodiments , upper 25 third spring rate may be provided during a length of travel 
shackle mount 58 is a C - shaped mount that includes a associated with the rear portion of the rear suspension via 
groove 92 ( shown in FIGS . 8 and 9 ) for receiving a portion contributions of the front tongue 82 , and a fourth spring rate 
of the flexible member 46. In some embodiments , an adhe- may be provided during a length of travel associated with 
sive 98 ( shown in FIG . 9 ) is utilized to maintain adhesion both the rear portion and the front portion of the rear 
between the lower shackle mount 60 and flexible member 46 30 suspension via contributions of both the rear tongue 80 and 
and likewise between upper shackle mount 58 and flexible the front tongue 82. Further still , in some embodiments , the 
member 46. In some embodiments , a surface 96 of upper spring rate may vary during travel of the rear suspension 
shackle mount 58 is rounded , as shown in FIGS . 6 and 9 . prior to engagement of either of the tongues 80 , 82 with their 
Likewise , in some embodiments the surface of lower respective transition mechanism . Moreover , in 
shackle mount 60 is rounded . The rounded surface 96 35 embodiments , upon engagement of the respective tongue 
includes that portion of upper shackle mount 58 ( or lower with its associated transition mechanism , the spring rate may 
shackle mount 60 ) that may contact flexible member 46 increase to a greater degree . In such an embodiment , the 
during flexing / travel of the flexible member 46. In some flexible member 78 can have , for example , a first rising rate 
embodiments , the rounded surface 96 permits load to be suspension prior to engagement of both of the tongues with 
distributed across a greater area of the shackle mount ( 58 , 40 the associated transition mechanism , and a second rising rate 
60 , respectively ) and larger portion of the flexible member upon engagement of one of the tongues with the associated 
46 in order to facilitate longer life of the respective com- transition mechanism , and a third rising rate upon engage 
ponents and reduce fatigue . ment of both tongues with their associated transition mecha 

In some embodiments flexible member 46 is fastened nisms . In some embodiments , the third rising rate is greater 
( e.g. , bolted ) to upper shackle mount 58 as shown in FIG . 8 , 45 than the second rising rate and the second rising rate is 
in which a plurality of bolts 94 are utilized to fixedly secure greater than the first rising rate . 
flexible member 46 within the groove 92 of upper shackle In the embodiment shown in FIG . 7 , bolt holes 88 are 
mount 58. Lower shackle mount 60 may likewise include a provided adjacent to rear tongue 80 for securing a rear 
plurality of bolts for securing the flexible member 46 within transition mechanism ( not shown ) to the main portion 77 of 
the groove of the lower shackle mount . In some embodi- 50 flexible member 78 ( such as the U - shaped transition mecha 
ments , a combination of adhesive 98 and / or bolts are utilized nism 72 shown in FIG . 10 ) . Likewise , bolt holes 90 are 
to secure flexible member 46 to the upper and lower shackle provided adjacent to forward tongue 82 for securing a 
mounts . forward transition mechanism ( not shown ) to the main 

Referring now to FIG . 7 , in some embodiments , a flexible portion 77 of flexible member 78. In some embodiments , a 
member 78 is shown that includes rear tongue 80 and 55 plurality of bolt holes 88 and 90 are provided at different 
forward tongue 82 , wherein rear tongue 80 is located rear- positions alongside rear tongue 80 and forward tongue 82 , 
ward of forward tongue 82. In the embodiment shown in respectively . This allows the position of the transition 
FIG . 7 , rear tongue 80 is connected to the main portion 77 mechanisms to be modified along the length of rear tongue 
of the flexible member 78 at a rear end and forward tongue 80 and forward tongue 82. Likewise , in some embodiments 
82 is connected to the main portion 77 of the flexible 60 the height of the transition mechanisms utilized with respect 
member 78 at a forward end . The location and orientation of to the rear tongue 80 and / or the front tongue 82 may be 
rear tongue 80 contributes to the non - unitary spring rate modified to control the distance or amount of travel allowed 
associated with travel of the front or forward portion of the before the spring rate is modified . Primarily , adjustments 
rear suspension 30. Likewise , the location and orientation of made to the location of the transition mechanism along the 
forward tongue 82 contributes to a non - unitary spring rate 65 length of the rear tongue 80 or forward tongue 82 adjusts the 
associated with travel of the rear portion of the rear suspen- spring rate contribution of the rear tongue 80 and / or forward 
sion 30. In the embodiment shown in FIG . 7 , forward end 84 tongue 82 , thereby modifying the second ( or third ) spring 
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rate of flexible member 78 ( e.g. , the spring rate provided embodiments , the upper cross - member 64 has upper idler 
once the transition mechanism has been engaged ) . Adjust- wheels 34 rotatably connected thereto . 
ments made to the height of the transition mechanism In some embodiments , structural shock link 112 has a 
relative to the main portion of the flexible member 78 allow Y - frame geometry that includes first leg 126a and second leg 
for adjustment of the transition point from the first spring 5 126b . The structural shock link 112 is pivotally connected to 
rate to a subsequent spring rate ( e.g. , adjusts the length of lower shock pivot member 130 on a first end and pivotally 
travel associated with the rear suspension before the spring connected to upper cross - member 64 on a second end ( upper 
rate is transitioned from the first spring rate to a subsequent ends of the respective first leg 126a and second leg 126b ) . 
spring rate ) . It should be noted , that adjustments made to the In some embodiments , structural shock link is a composite 
location of the transition mechanism along the length of the 10 that includes a fiber and resin composition selected to 
rear tongue 80 may also have an impact on the transition provide the desired stiffness and strength . For example , in 
point from a first spring rate to a subsequent spring rate . some embodiments , the structural shock link 112 is a uni 

Referring now to FIGS . 12-21 , a snowmobile 10 having directional fiber ( e.g. , glass fiber , carbon fiber ) within an 
a rear suspension 100 is shown . Certain reference numerals epoxy resin matrix . In some embodiments , a unidirectional 
from the above - figures are recycled with regard to these 15 glass fiber comprises by volume between 50-70 % of the 
figures . For example , snowmobile 10 includes a chassis 12 , composite structure . In some embodiments , the unidirec 
a body 16 , a seat 18 , at least one front ski 20 , front tional glass fiber extends generally longitudinally along the 
suspension 22 , a skid frame 24 , endless track 26 , one or length of the structural shock link 112. In some embodi 
more slide rails 28a , 28b , rear idler wheel 32 , and upper idle ments , however , the structural shock link 112 is isotropic , for 
wheel 34. In some embodiments , the chassis 12 includes a 20 example of a homogenous fiber - resin matrix . In some 
tunnel 14. Rear suspension 30 is coupled to the chassis 12 . embodiments , the structural shock link 112 , in combination 
In some embodiments rear suspension 30 is coupled to the with the rear shock 110 , provides progressive damping 
tunnel 14 of chassis 12. The body 16 and seat 18 are secured and / or a progressive spring rate for the rear arm assembly of 
to the chassis 12 along with other standard or optional the rear suspension . In addition , in some embodiments , the 
components . The one or more skis 20 are secured to the 25 Y - shaped structural shock link 112 is designed to flex . In 
chassis 12 through front suspension 22 . some embodiments , for example , it is designed to " twist in 
As discussed above , skid frame 24 includes rear suspen- order to permit somewhat independent travel of the first 

sion 30 , rear idler wheel 32 , upper idler wheel 34 and one or slide rail 28a ( e.g. , left - side rail ) relative to a second slide 
more slide rails 28a , 28b extending longitudinally along the rail 28b . In some embodiments , the structural shock link 112 
length of the skid frame 24. In some embodiments , the one 30 is formed from a metallic material or alloy ( e.g. , aluminum , 
or more slide rails 28a , 28b are interconnected to the tunnel magnesium , steel ) and via any appropriate manufacturing 
14 and / or chassis 12 through rear suspension 30. In some technique ( casting , forging , etc. ) . Combinations of materials 
embodiments , for example , in the embodiment shown in can also be used make the structural shock link 112 ( e.g. , 
FIGS . 12-16 , a pair of slide rails 28a , 28b extend longitu- aluminum and a fiber - reinforced matrix ) . 
dinally along the length of the skid frame 24 , wherein the 35 With further regard to FIG . 13 , in some embodiments , 
rails slide 28 are substantially parallel with one another . As flexible member 116 is fixedly affixed to a lower shackle 
shown in FIG . 16 , a plurality of cross - members are con- mount 118 and to an upper shackle mount 120. Lower 
nected to the pair of slide rails 28a , 28b , including rear cross shackle mount 118 is affixed to the slide rails 28 , for example 
member 50 , first middle cross member 51 , second middle to first and second slide rails 28a and 28b and / or to a single 
cross member 52 , and forward cross member 53 . 40 rail . In some embodiments , lower shackle mount 118 is 

In some embodiments , the rear suspension 100 includes coupled to the first and second slide rails 28a , 28b . In some 
one or more of the following : rear shock 110 , structural embodiments , the flexible member 116 is designed to twist , 
shock link 112 , flexible member 116 , lower shackle mount in order to permit the skid frame 24 to be non - parallel with 
118 , upper shackle mount 120 , tongue 122 , and transition the chassis 14 of the snowmobile . For example , FIG . 30 is 
assembly 124. As described with respect to FIGS . 1-11 , 45 a rear view illustrating the twisting of the rear suspension 
flexible member 116 is connected to the one or more slide 300 relative to the chassis 14 of the snowmobile . As shown 
rails 28a , 28b via lower shackle mount 118 and to the chassis in FIG . 30 , a first plane a is defined by the orientation of the 
12 via upper shackle mount 120. In some embodiments , the chassis 14 and a second plane is defined by the bottom of 
flexible member 116 includes a tongue 122 separated from slide rails 28a and 28b . In the example provided in FIG . 30 
the main portion 117 of flexible member 116 on three sides . 50 the planes are non - parallel with one another , indicating a 
In some embodiments , the tongue 122 is connected to the twisting of the rear suspension 300 . 
main portion 117 via a rear side . A transition assembly 124 In some embodiments , flexible member 116 includes one 
is utilized to limit travel of the main portion of flexible or more tongues 122 utilized to contribute to a second or 
member 116 relative to tongue 122 and define where , in subsequent spring rate and one or more mechanisms for 
range of travel , the suspension transitions from a first spring 55 controlling the transition from the first spring rate to a 
rate to a second spring rate . second or subsequent spring rate . In the embodiment shown 

In the embodiment shown in FIG . 13 , rear shock 110 is in FIGS . 13-18 , the mechanism includes a transition assem 
connected to upper cross member 64 , and further connected bly 124 that is affixed to the tongue 122 and includes one or 
to lower cross member 51 via a lower shock pivot member more arms 140a and 140b extending laterally to interact 
130. In some embodiments , a lower shock pivot member 60 with the main portion 117 of flexible member 116 . 
130 is pivotally connected to rear cross member 51. The For example , in the embodiment shown in FIG . 14 , the 
lower shock pivot member 130 includes a rear cross member relationship between the transition assembly 124 and the 
128 that is pivotally connected to one end of rear shock 110 main portion 117 is shown . In particular , the arms 140a and 
and a forward end that is connected to structural shock link 140b are shown in a first position in which the arms 140a 
112. The rear shock 110 extends between the lower shock 65 and 140b are separated from the main portion 117 by a 
pivot member 130 and the upper cross - member 64 that is , in distance d11 , referred to as a “ resting ” distance measured 
turn , connected to the chassis / tunnel . Further , in some when the rear suspension is in an unloaded state . As 
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described above , the flexible component 116 provides a first the rear suspension to be selectively modified , for example 
spring rate for a first distance of travel wherein the one or in response to different rider characteristics and / or desired 
more arms 140a and 140b remain separated from the main performance . 
portion 117. After a first length of travel of the flexible Referring now to FIGS . 19-21 , a transition assembly 166 
member 116 the one or more arms 140a and 140b come into 5 is provided that includes a cam assembly 170 that allows the 
contact with a bottom surface 151 of the main portion 117 , distance between the tongue 122 and the main portion 117 
which results in the tongue 122 contributing to the spring to be modified via position of the cam assembly 170. In this 
rate provided by the flexible member 116 to provide a embodiment , a top portion 168 of the transition assembly 
second spring rate . 166 is affixed to the tongue 122 using a fastener 182 secured 

In some embodiments , the location of the transition to one of the plurality of apertures 150. In some embodi 
assembly 124 along the length of the tongue 122 may be ments , the top portion 168 of the transition assembly 166 
selectively modified . In some embodiments , the transition may be secured to any one of the plurality of apertures 150 , 
assembly is affixed to the tongue 122 via one or more allowing the position of the transition assembly 166 to be 
fasteners . In some examples , the fastener is a bolt that selected along a length of the tongue 122. In some embodi 
extends through one of the available bolt holes 150. The first ments , the top portion 168 includes arms 169 extending 
spring rate provided by the flexible member 116 is indepen- downward on either side of tongue 122 , wherein the cam 
dent of the location of the transition assembly 124 , because assembly 170 is secured to the arms 169 ( as shown in FIG . 
the first spring rate is a function of the main portion of the 19 ) . Cam assembly includes a disc 172 having a plurality of 
flexible member 116 and does not include the tongue 122. 20 apertures 178a - 178g located around at least a portion of the 
The second spring rate includes contributions from the circumference of the disc 172 , an arm 174 , and a cam 176 . 
tongue 122 and main portion 116. The location of the In some embodiments , a similar cam assembly is provided 
transition assembly 124 ong the length of the tongue 122 on both sides of tongue 122. In some embodiments , the cam 
influences the contribution from the tongue 122. For 176 includes a plurality of surfaces 184a - 184g , each located 
example , the contribution to the spring rate provided by the 25 a different radius or length from the center of the cam 176 . 
tongue 122 decreases as the transition assembly is moved The various radiuses of surfaces 184a - 184g allow the dis 
toward the end of the tongue 122 ( e.g. , forward in the tance between the cam surfaces 184a - 184g and a bottom 
embodiment shown in 16 ) . In addition , changing the loca surface 151 of the main portion 117 to be selectively 
tion of the transition assembly 124 along the length of the modified . For example , in the embodiment shown in FIG . 
tongue 122 may also change the amount of travel that occurs 30 20A , the distance d 2 is defined as the distance between cam 

surface 184a and the bottom surface 151 of the main portion . in the rear suspension before the spring rate is changed . In the embodiment shown in FIG . 20B , this distance is In some embodiments , the resting distance dj between reduced by rotating the cam so that cam surface 184g is the one or more arms 140a , 140b and the main portion 116 facing the bottom surface 151 of the main portion 117 ( as may be selectively modified to change the transition point 35 shown by distance d 3 ) . In this way , the transition point from 
between the first spring rate and second spring rate . In some the first spring rate to the second spring rate can be selec embodiments , the transition assembly 124 includes one or tively modified by adjusting the position of the cam assem more grooves defined by ledge 160a , 160b , and 160c that bly 170 , wherein decreasing the distance reduces the length 
allows the vertical position of the transition assembly 124 to of travel associated with the first spring rate before the 
be selectively modified . The grooves defined by ledges 40 transition point to the second spring rate . 
160a , 160b , 160c are configured to receive the tongue 122 . In some embodiments , the cam assembly 170 is rotated by 
For example , in the embodiment shown in FIG . 17 , a portion rotating disc 172 and securing fastener 180 through one of 
of the tongue 122 is situated between ledges 160a and top the plurality of apertures 178a - 178g located around the 
member 155 of the transition assembly 124 , thereby setting periphery of the disc 172. A benefit of cam assembly 170 is 
a resting distance d i between a top surface 153 of the arms 45 that the length of travel associated with the first spring rate 
140a , 140b and the main portion of the flexible member 116 . may be modified without having to disconnect the transition 
To modify the resting distance d11 , the tongue 122 is placed assembly 166 from the tongue 122 . 
in the groove between ledge 160a and 160b , which Referring now to FIGS . 22-24 , in some embodiments , a 
decreases the resting distance du between the main portion flexible member 200 is provided that provides at least a first 
of the flexible member 116 and transition arms 140a , 140b . 50 spring rate over a first distance of travel and a second spring 
For example , as shown in FIG . 18 , the resting distance du rate over a second distance of travel . As shown , the flexible 
is further decreased by locating tongue 122 in the groove member 200 utilizes a main body 202 and a secondary body 
defined between ledge supports 1605 and 160c . Decreasing 206 that is separated from the main body 202 by a distance 
the resting distance dii changes the length of travel that d14 when in an unloaded state or “ rest ” state . In the embodi 
occurs in the rear suspension before the spring rate is 55 ment shown in FIG . 22 , flexible member 200 includes upper 
modified by the transition assembly 124 coming into contact shackle mount 204 and lower shackle mount 207 for fixedly 
with the main portion of the flexible member 116. In other connecting the flexible member 200 between the one or 
embodiments , other mechanisms may be utilized to set and more slide rails 28a , 28b and the chassis 12. Lower shackle 
modify the initial distance dj between the arms 140a , 140b mount 207 includes a groove 205 formed in an outer surface 
and main portion 117 . 60 of lower shackle mount 207 for receiving a portion of slide 

In some embodiments both the position of the transition rails 28a , 286. For example , FIG . 30 is a rear view of flexible 
assembly 124 along the length of the tongue 122 and the member 316 that includes lower shackle mount 326 affixed 
distance between the arms 140a , 140b of the transition to slide rails 28a and 28b . In some embodiments , lower 
assembly 124 and the main portion of the flexible member shackle mount 326 includes a groove 332a and 332b formed 
116 may be modified to selectively modify the length of 65 on the outer surface of lower shackle mount 326 and 
travel before the spring rate is modified and / or the magni- configured to mate with a tongue portion of slide rails 28a 
tude of the second spring rate . This allows the response of and 28b , as shown . 
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A first spring rate is provided by the flexible member 200 portion of the rear suspension 30 traveling while the rear 
during a first length of travel , during which a distance or gap portion remains relatively unchanged ( for example , in 
exists between secondary body 206 and main body 202. The response to the front portion hitting a bump ) . In each 
spring rate transitions from the first spring rate to a second embodiment , the rear suspension travels and the main por 
spring rate when the secondary body 206 comes into contact 5 tion of the flexible member 46 flexes relative to the tongue 
with the main body 202 , at which point the secondary body 70 , through at least a portion of the travel . Once tongue 70 
206 contributes to the spring rate provided by the flexible is engaged with the transition mechanism 72 , the flexible 
member 200. In the embodiment shown in FIGS . 23-24 , the member 46 provides a second spring rate that is greater than 
width of secondary body 206 is approximately , equal to the the first spring rate provided prior to engagement of the 
width of the main body 202. In other embodiments , the 10 tongue 70 with the transition mechanism 72 . 
spring rate contribution of secondary body 206 may be Referring now to FIGS . 27-30 , a rear suspension 300 is 
changed by modifying the width , length , material , and / or shown . Certain reference numerals from the above - figures 
thickness of secondary body 206 . are recycled with regard to these figures . For example , skid 

In the embodiment shown in FIG . 23 , a plurality of frame 24 once again includes one or more slide rails 28a , 
grooves 210 are located within the main body 202 of the 15 28b , rear idler wheel 32 , and upper idle wheel 34. As 
flexible member 200. The grooves 210 may be machined or discussed above , the one or more slide rails 28 are connected 
molded - in to provide a desired spring rate associated with to the chassis 12 via rear suspension 300. In some embodi 
the main body 202. In other embodiments , the shape and / or ments , the one or more slide rails 28a , 28b extend longitu 
geometry ( e.g. , length , width , thickness ) of the main body dinally along the length of the skid frame 24. For example , 
may also be modified or designed to provide the desired 20 in the embodiment shown in FIGS . 27-29 , a pair of slide 
spring rate characteristics . The grooves 210 may be utilized rails 28a , 28b extend longitudinally along the length of the 
in combination with changes to the geometry of the flexible skid frame 24 , wherein the slide rails 28a , 28b are substan 
member to provide the desired spring rate characteristics as tially parallel with one another . As shown in FIG . 27 a 
well as desired weight and strength characteristics . plurality of cross - members are connected to the pair of slide 

In some embodiments , the flexible member 200 is a 25 rails 28a , 28b , including rear cross member 50 , first middle 
composite material . For example , in some embodiments , cross member 51 , second middle cross member 52 , and 
flexible member 200 is a nylon 6/6 ( polyamide 6/6 ) matrix forward cross member 53. In some embodiments , the plu 
with a glass fiber or carbon fiber fill ( or a combination of rality of cross - members are connected to the slide rails 28a , 
both ) . In other embodiments , various other composite mate- 28b . 
rials may be utilized to provide the desired spring rate , In the embodiment shown in FIG . 27 , the components 
strength , and weight characteristics . included as part of the rear suspension 300 include rear 

In some embodiments , such as those shown in FIG . 24 , shock 306 , structural shock link 301 , flexible member 316 , 
one or more unidirectional arms 212 are over molded with lower shackle mount 326 , and upper shackle mount 328. In 
the composite material making up flexible member 200 , The some embodiments , flexible member 316 includes first and 
arms 212 may utilize a different composite material , such as 35 second arms 318a and 318b and middle arm 320. In some 
a long fiber composite that provides additional strength in embodiments , first and second arms 318a and 318b are 
the torsional direction . One or more unidirectional arms 212 fixedly connected to lower shackle mount 326 on a first end 
may be utilized in any of the previous described embodi- and fixedly connected to upper shackle mount 328 on a 
ments . second end . In some embodiments , the first and second arms 

In some embodiments , the distance between the second- 40 318a and 318b are formed integrally with one or more of the 
ary body 206 and the main body 202 may be modified by lower and upper shackle mounts 326 , 328. In some embodi 
securing an attachment ( not shown ) that decreases the initial ments , middle arm 320 is fixedly connected to lower shackle 
distance between secondary body 206 and main body 202 . mount 326 on a first end . In some embodiments , the middle 

Referring now to FIGS . 25A - 25C and 26A - 26C , the rear arm 320 is formed integrally with the lower shackle mount 
suspension 30 is illustrated in various states of travel . For 45 326. A transition assembly 322 is connected to middle arm 
example , FIGS . 25A and 26A illustrate compression of the 320 and includes first and second tabs 324a and 324b that 
rear portion of the rear suspension . 30 while the front portion extend under first and second arms 318a and 318b . During 
is maintained in a relatively less compressed configuration , a first length of travel of the rear suspension 300 , first 
FIGS . 25B and 26B illustrate both the front and rear portion spring rate is provided by the arms 318a and 318b , wherein 
of the rear suspension 30 in a compressed configuration , and 50 the tabs 324a and 324b of the transition assembly 322 are 
FIGS . 25C and 26C illustrate the front portion of the rear not in contact with the first and second arms 318a and 318b . 
suspension 30 in in a compressed configuration , while the During a second length of travel of the rear suspension 300 
rear portion is relatively uncompressed . In each example a second spring rate is provided as a result of first and second 
shown , the travel associated with the rear suspension 30 tabs 324a and 324b coming into contact with the bottom 
results in flexing of the flexible member 46 relative to tongue 55 portion of arms 318a and 318b , resulting in middle arm 320 
70 , such that in each embodiment the tongue 70 is engaged contributing to the spring rate . In some embodiments , rather 
with the transition mechanism and the flexible member 46 than have middle arm 320 fixedly connected to lower 
provides a second spring rate . This is illustrated in greater shackle mount 326 , middle arm 320 is fixedly connected to 
detail with respect to FIGS . 26A - 26C , which illustrates the upper shackle mount 328. In some embodiments , more than 
travel of rear suspension 30 relative to upper shackle mount 60 one middle arm 320 is provided , with a first middle arm 
58 , which remains fixedly attached to the chassis and / or extending from lower shackle mount 326 ( as shown in FIGS . 
tunnel of the snowmobile . For example , in FIG . 26A the rear 27-30 ) and a second middle arm extending from upper 
portion of the rear suspension travels while the front portion shackle mount 328 ( not shown ) . 
remains relatively unchanged ( for example , in response to In some embodiments , transition assembly 322 further 
the rear portion of the snowmobile hitting a bump ) . FIG . 65 includes a cam assembly utilized to selectively modify the 
26B illustrates both the rear and front portions of the rear distance between first and second tabs 324a and 324b and 
suspension 30 traveling , and FIG . 26C illustrates the front the first and second flexible arms 318a and 318b , respec 
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tively , wherein the cam assembly is utilized to modify the 302b . The structural shock link 301 is pivotally connected to 
transition point between the first spring rate and the second lower shock pivot member 312 on a first end and pivotally 
spring rate . In some embodiments , the transition assembly connected to upper cross - member 304 on via first leg 302a 
322 may be fixedly secured to one or a plurality of locations and second leg 302b . In some embodiments , structural shock 
along the length of the middle flexible arm 320. Changing 5 link 301 is a composite that includes a fiber and resin 
the location of the transition assembly 322 along the length composition selected to provide the desired stiffness and 
of the middle flexible arm 320 changes the second spring strength . For example , in some embodiments , the structural 
rate provided when the transition assembly 322 comes into shock link 301 is a unidirectional fiber ( e.g. , glass fiber , 
contact with the first and second flexible arms 318a and carbon fiber ) within an epoxy resin matrix . In some embodi 
318b . In some embodiments , one or more of the transition 10 ments , a unidirectional glass fiber comprises by volume 
point between the first and second spring rates and the spring between 50-70 % of the composite structure . In some 
rates themselves may be selectively modified . embodiments , the unidirectional glass fiber extends gener 

In some embodiments , first and second flexible arms 318a ally longitudinally along the length of the structural shock 
and 318b are a polymer composite material that includes a link 112. In some embodiments , however , the structural 
fiber and resin composition selected to provide the desired 15 shock link 112 is isotropic , for example of a homogenous 
stiffness , strength , and spring rate . For example , in some fiber - resin matrix . In some embodiments , the structural 
embodiments the first and second flexible arms are a unidi- shock link 301 in combination with the rear shock 306 
rectional glass fiber within an epoxy resin matrix . In some provides a progressive damping and / or a progressive spring 
embodiments , the unidirectional glass fiber comprises by rate of the rear suspension . In addition , the Y - shaped geom 
volume between 50-70 % of the composite structure . In some 20 etry of structural shock link 301 allows the skid frame 24 to 
embodiments , the geometry of the first and second arms twist , for example as shown in FIG . 30. As discussed above , 
318a and 318b are defined by a thickness , a width , and a FIG . 30 is a rear view of the rear suspension 30. As shown 
length , wherein one or more of these features is varied in FIG . 30 , a first plane a is defined by the orientation of the 
across the geometry of the first and second arms 318a and chassis 14 and second plane is defined by the bottom of 
318b . For example , the thickness of the first and second arms 25 slide rails 28a and 28b . In particular , the respective slide 
318a and 318b may vary over the length and / or width of the rails 28a and 28b are allows to twist relative to one another , 
arms . Likewise , the width of the first and second arms 318a wherein upper cross - member 304 is fixedly connected to the 
and 318b may vary over the length of the arms . In addition , chassis 12 and / or tunnel 14 , resulting in the plane defined by 
middle arm 320 may likewise be a polymer composite the respective slide rails 28a , 28b being non - parallel with the 
material that includes a fiber and resin composition . In some 30 plane defined by the chassis 14 . 
embodiments , the composition of first and second arms 318a Referring now to FIG . 31 , the skid frame 24 includes rear 
and 318b are the same as middle flexible arm 320. In some shock 306 , flexible member 316 , lower shackle mount 326 , 
embodiments , however , the composition of middle flexible upper shackle mount 328 , torsion springs 340a and 340b , 
arm 320 may differ from first and second arms 318a and and supports 346a and 346b . In some embodiments , torsion 
318b in order to provide a desired stiffness , strength , and 35 spring 340a and 340b are coupled to upper cross member 
spring rate associated with the middle flexible arm 320 . 304 on a first end and to the slide rails 28a and 28b , 

In some embodiments , forward strap 340 is secured to a respectively , on a second end . In some embodiments , torsion 
top surface of upper shackle mount 328 via fasteners 330a springs 340a and 340b contribute to the spring force applied 
and 330b . In some embodiments , fasteners 330a and 330b to the slide rails 28a and 28b during travel of the skid frame . 
may also be utilized to secure first and second flexible arms 40 In this embodiment , rear shock 306 and support arms 346a , 
318a and 318b to upper shackle mount 328. As discussed 346 are connected between upper cross member 304 lower 
above , in some embodiments upper shackle mount 328 cross members ( not shown ) of the skid frame 24 . 
includes a groove 332 for receiving first and second flexible In some embodiments , the flexible member described 
arms 318a and 318b . In some embodiments , an adhesive is herein is utilized in the rear suspension to support the weight 
utilized to secure the first and second flexible arms 318a and 45 of the snowmobile , control suspension movements , control 
318b within the groove 332. In some embodiments , fasten- track tension , and provide a desired spring rate to the rear 
ers 330a and 330b are utilized alone or conjunction with the suspension . In particular , the utilization of one or more 
adhesive to secure the first and second flexible arms 318a features such as the tongue , or arm member allows the 
and 318b within the grooves 332 . flexible member to provide a first spring rate over a first 

In some embodiments , upper shackle mount 328 is fixedly 50 distance of travel and a second spring rate over a second 
secured to the tunnel 14 or chassis 12 via one or more distance of travel . In some embodiments , more than two 
fasteners 342 secured through bolt holes 334 located on the spring rates may be provided by the flexible member . 
side of upper shackle mount 328 ( as shown in FIG . 29 ) . In Referring now to FIG . 33 , a rear suspension 400 is shown . 
some embodiments , front shock 44 is likewise secured to Certain reference numerals from the above - figures are 
upper shackle mount 328 via one or more fasteners 344 . 55 recycled with regard to these figures . For example , skid 

In the embodiment shown in FIG . 27 , rear shock 306 is frame 24 once again includes one or more slide rails 28a , 
connected between rear cross - member 51 and upper cross 28b , and upper idle wheel 34. As discussed above , the one 
member 304. In some embodiments , a lower shock pivot or more slide rails 28a , 28b are connected to the chassis 12 
member 312 is pivotally connected to rear cross member 51 . via rear suspension 400. In some embodiments , the one or 
The lower shock pivot member 312 includes a rear cross 60 more slide rails 28a , 28b extend longitudinally along the 
member 314 that is pivotally connected to one end of rear length of the skid frame 24. For example , in the embodiment 
shock 306 and a forward end that is connected to structural shown in FIG . 33 , a pair of slide rails 28a , 28b extend 
shock link 301. The rear shock 306 extends between the longitudinally along the length of the skid frame 24 , wherein 
lower shock pivot member 312 and the upper cross - member the slide rails 28a , 286 are substantially parallel with one 
304 that is in turn connected to upper idler wheels 34 . 65 another . Although not shown in FIG . 33 , rear suspension 400 

In some embodiments , structural shock link 301 has a would include a plurality of cross - members connected 
Y - frame geometry that includes first leg 302a and second leg between the pair of slide rails 28a , 28b . For example , rear 
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suspension 400 may include one or more rear cross mem- 418b . For example , the thickness of the first and second arms 
bers , one or more middle cross members , and one or more 418a and 418b may vary over the length and / or width of the 
forward cross members . arms . Likewise , the width of the first and second arms 418a 

In the embodiment shown in FIG . 33 , the components and 418b may vary over the length of the arms . In addition , 
included as part of the rear suspension 400 include rear 5 middle arm 420 may likewise be a polymer composite 
shock 406 , structural shock link 401 , flexible member 416 , material that includes a fiber and resin composition . In some 
lower shackle mount 426 , and upper shackle mount 428. In embodiments , the composition of first and second arms 418a 
some embodiments , flexible member 416 includes first and and 418b are the same as middle flexible arm 420. In some 
second arms 418a and 418b and middle arm 420. In some embodiments , however , the composition of middle flexible 
embodiments , first and second arms 418a and 418b are 10 arm 420 may differ from first and second arms 418a and 
fixedly connected to lower shackle mount 426 on a first end 418b in order to provide a desired stiffness , strength , and 
and fixedly connected to upper shackle mount 428 on a spring rate associated with the middle flexible arm 420 . 
second end . In some embodiments , the first and second arms In the embodiment shown in FIG . 33 , rear shock 406 is 
418a and 418b are formed integrally with one or more of the pivotally connected to the upper cross member 404 extend 
lower and upper shackle mounts 426 , 428. In some embodi- 15 ing between upper idler wheels 34. In some embodiments , 
ments , middle arm 420 is fixedly connected to lower shackle Y - shaped structural shock link 401 is pivotally connected to 
mount 426 on a first end . In some embodiments , the middle upper cross member 404. In some embodiments , the rear 
arm 420 is formed integrally with the lower shackle mount shock 406 and the structural shock link 401 are pivotally 
426. A transition assembly 422 is connected to middle arm connected to a lower shock pivot member 412 , which is 
420 and includes first and second tabs 424a and 424b that 20 pivotally connected to rear cross member 451. For example , 
extend under first and second arms 418a and 418b . During in the embodiment shown in FIG . 33 the rear shock 406 is 
a first length of travel of the rear suspension 400 , a first pivotally connected to a rear end of lower shock pivot 
spring rate is provided by the arms 418a and 418b , wherein member 412 and the structural shock link 401 is pivotally 
the tabs 424a and 424b of the transition assembly 422 are connected to a forward end of lower shock pivot member 
not in contact with the first and second arms 418a and 418b . 25 412. In some embodiments , structural shock link 401 is 
During a second length of travel of the rear suspension 400 connected to the lower shock pivot member 412 via a 
a second spring rate is provided as a result of first and second spherical pivot joint 417 that allows for rotation in three 
tabs 424a and 424b coming into contact with the bottom degrees of freedom . In some embodiments , this is beneficial 
portion of arms 418a and 418b , resulting in middle arm 420 due to the Y - shaped geometry of structural shock link 401 
contributing to the spring rate . In some embodiments , rather 30 and the connection of the structural shock link to opposite 
than have middle arm 420 fixedly connected to lower ends of upper cross member 404. The spherical pivot joint 
shackle mount 426 , middle arm 420 is fixedly connected to 417 accommodates asymmetrical travel of skid rail 28a 
upper shackle mount 428. In some embodiments , more than relative to skid rail 28b ( i.e. , rotation of the skid rails 28a , 
one middle arm 420 is provided , with a first middle arm 28b relative to one another ) , rather than just vertical travel 
extending from lower shackle mount 426 and a second 35 of the skid rails 28a , 28b as a single unit . 
middle arm extending from upper shackle mount 428 ( not Referring now to FIGS . 34-36 , various upper shackle 
shown ) . mounts are illustrated . For example , in the embodiment 
As discussed above with respect to FIG . 27 , in some shown in FIG . 34 the upper shackle mount 428 is a forged 

embodiments , transition assembly 422 further includes a shackle . In the embodiment shown in FIG . 35 the upper 
cam assembly ( not shown ) utilized to selectively modify the 40 shackle mount 448 is fabricated using first and second 
distance between first and second tabs 424a and 424b and stamped shackles . In the embodiment shown in FIG . 36 , the 
the first and second flexible arms 418a and 418b , respec- upper shackle mount 468 is a weldment . 
tively , wherein the cam assembly is utilized to modify the Referring now to FIGS . 34-36 , various types of upper 
transition point between the first spring rate and the second shackle mounts are provided according to various embodi 
spring rate . In some embodiments , the transition assembly 45 ments . For example , in the embodiment shown in FIG . 34 , 
422 may be fixedly secured to one or a plurality of locations upper shackle mount 428 is a unitary member that includes 
along the length of the middle flexible arm 420. Changing first and second openings 432a and 432b configured to 
the location of the transition assembly 422 along the length receive the first and second flexible arms 418a and 418b , 
of the middle flexible arm 420 changes the second spring respectively . In some embodiments , an adhesive is utilized 
rate provided when the transition assembly 422 comes into 50 to secure the first and second flexible arms 418a and 418b 
contact with the first and second flexible arms 418a and within the first and second openings 432a and 432b . In some 
418b . In some embodiments , one or more of the transition embodiments , fasteners are provided through bolt holes 
points between the first and second spring rates and the 430 either alone or conjunction with the adhesive to 
spring rates themselves may be selectively modified . secure the first and second flexible arms 418a and 418b 
As discussed above with respect to other embodiments , in 55 within the first and second openings 430a and 430b . In some 

some embodiments , first and second flexible arms 418a and embodiments , a front shock ( not shown ) is likewise secured 
418b are a polymer composite material that includes a fiber to upper shackle mount 428 via mounting brackets 434a and 
and resin composition selected to provide the desired stiff- 434b . In some embodiments , front shock is pivotable 
ness , strength , and spring rate . For example , in some mounted to the upper shackle mount 428 via a fastener 
embodiments the first and second flexible arms are a unidi- 60 secured through bolt holes 437 in the mounting brackets 
rectional glass fiber within an epoxy resin matrix . In some 434a , 434b . 
embodiments , the unidirectional glass fiber comprises by In some embodiments , upper shackle mount 428 includes 
volume between 50-70 % of the composite structure . In some a first end 436a and a second end 436b located opposite the 
embodiments , the geometry of the first and second arms first end . In some embodiments , first end 436a and second 
418a and 418b are defined by a thickness , a width , and a 65 end 436b are secured to the chassis 12 or tunnel 14 of the 
length , wherein one or more of these features is varied snowmobile via fasteners secured through the plurality of 
across the geometry of the first and second arms 418a and bolt holes 435. In this way , the first and second flexible arms 
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418a and 418b are connected through the upper shackle embodiments , top member 476 and bottom member 478 are 
mount 428 to the chassis 12 or tunnel 14 of the snowmobile . fabricated using a stamping process . The position of the top 
In some embodiments , the unitary upper shackle mount 428 member 476 and bottom member 478 relative to one another 
shown in FIG . 34 is fabricated using metal forging tech- results in an opening formed between the respective mem 
niques . In other embodiments , various other materials and / or 5 bers , wherein the opening is configured to receive the first 
methods may be utilized to fabricate the upper shackle and second flexible arms 418a , 418b . In some embodiments , 
mount . first and second flexible arms 418a , 418b are affixed to top 

In the embodiment shown in FIG . 35 , upper shackle member 476 and bottom member 478 via an adhesive . In 
mount 448 includes top member 450a and bottom member some embodiments , either alone or in conjunction with 
450b . In some embodiments , top member 450a and bottom 10 adhesive , first and second flexible arms 418a , 418b are 
member 450b are fabricated using metal stamping — as affixed to top member 476 and bottom member 478 via 
opposed to forging techniques . The top member 450a is fasteners ( e.g. , bolts ) secured through bolt holes 482 ( lo 
secured to the bottom member 450b via one or more cated on both top member 476 and bottom member 478 ) . 
fasteners . Connection of the top member 450a and bottom In some embodiments , a front shock ( not shown ) is 
member 450b provides one or more openings 462a , 462b 15 likewise secured to upper shackle mount 468 via mounting 
configured to receive the flexible member ( e.g. , first and bracket 480. In some embodiments , mounting bracket 480 is 
second flexible arms 418a and 418b ) . In some embodiments , integrally formed as part of the lower member 478 , wherein 
the first and second flexible arms 418a , 418b are secured to mounting bracket 480 consists of two tabs extending upward 
the openings 462a , 462b , respectively using an adhesive . In through an opening in top member 476. In some embodi 
some embodiments , either alone or in conjunction with the 20 ments , mounting bracket 480 includes one or more bolt 
adhesive , one or more fasteners are utilized to secure the first holes configured to receive fasteners to secure the front 
and second flexible members 418a , 418b to the top member shock to the upper shackle mount 468 . 
450a and bottom member 450b . For example , in some While the invention has been described with reference to 
embodiments a fastener is secured through bolt holes 452 an exemplary embodiment ( s ) , it will be understood by those 
located on top member 450a ( with similar bolt holes located 25 skilled in the art that various changes may be made and 
on bottom member 450b ) . equivalents may be substituted for elements thereof without 

In some embodiments , top member 450a includes first departing from the scope of the invention . In addition , many 
tabbed / flanged end 454a and second tabbed / flanged end modifications may be made to adapt a particular situation or 
454b , and bottom member 450b includes first tabbed / flanged material to the teachings of the invention without departing 
end 456a and second tabbed / flanged end 456b . In some 30 from the essential scope thereof . Therefore , it is intended 
embodiments , upper shackle mount 448 is fixedly secured to that the invention not be limited to the particular embodi 
the tunnel 14 or chassis 12 via one or more fasteners secured ment ( s ) disclosed , but that the invention will include all 
through the bolt holes 455 located on each of the tabbed / embodiments falling within the scope of the appended 
flanged ends 454a , 454b , 456a , and 456b . In this way , claims . 
flexible arm members 418a , 418b are connected to the 35 The invention claimed is : 
chassis 12 or tunnel 14 through the upper shackle mount 1. A snowmobile comprising : 
448 . a chassis ; 

In some embodiments , a front shock ( not shown ) is at least one ski steerably secured to a front of the chassis ; 
likewise secured to upper shackle mount 448 via mounting and 
brackets 458a , 458b . In some embodiments , mounting 40 a skid frame that includes one or more slide rails extend 
brackets 458a , 458b are integrally formed as part of the ing longitudinally , rear idler wheels , upper idler wheels 
lower member 450b , wherein mounting brackets 458a , 458b connected by an upper cross member , and a rear 
consist of tabs extending upward through an opening in top suspension , wherein the rear suspension comprises : 
member 450a . In some embodiments , mounting brackets a flexible , composite member ; 
458a , 458b include one or more bolt holes 459 configured to 45 a rear shock connected between the one or more slide 
receive fasteners to pivotally connect the front shock to the rails and the upper cross member ; 
upper shackle mount 448 . a rear shock link ; 

In the embodiment shown in FIG . 36 , upper shackle a rear cross member connected between the one or 
mount 468 is comprised of a plurality of components affixed more slide rails ; and 
to one another ( e.g. , by welding ) . In the embodiment shown 50 a lower shock pivot member pivotally connected to the 
in FIG . 36 , the upper shackle mount 468 includes first and rear cross member , wherein the rear shock is con 
second U - shaped members 470a , 470b , cross member 474 , nected to a rear portion of the lower shock pivot 
top member 476 and bottom member 478. In some embodi member and the rear shock link is connected via a 
ments , U - shaped members 470a , 470b are affixed ( e.g. , spherical pivot joint to a forward end of the lower 
welded ) to cross member 474. In some embodiments , the 55 shock pivot member ; 
snowmobile includes an axle 472 attached to the chassis 12 wherein the flexible , composite member is coupled at a 
or tunnel 14 , wherein U - shaped members 470a , 470b are first end to the one or more slide rails and at a second 
configured to partially encircle the axle 472. In some end to the chassis . 
embodiments , the U - shaped members 470a , 470b are 2. The snowmobile of claim 1 , wherein the rear shock link 
allowed to slip over axle 472. The rigid connection between 60 is a Y - shaped member extending from the lower shock pivot 
the upper shackle mount 468 and the chassis 12 or tunnel 14 member to the upper cross member , the lower shock pivot 
is provided by bolting or otherwise affixing the cross mem- member being coupled to the one or more slide rails . 
ber 474 to the chassis 12 or tunnel 14 . 3. The snowmobile of claim 1 , wherein the flexible , 

In some embodiments , top member 476 is affixed ( e.g. , composite member includes a main body and a secondary 
welded or fastened ) to a bottom surface of cross member 65 body . 
474. In addition , bottom member 478 is affixed at a forward 4. The snowmobile of claim 3 , wherein the main body is 
end ( not visible in this view ) to top member 476. In some affixed to the chassis via an upper shackle mount . 
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5. The snowmobile of claim 4 , wherein the upper shackle member and the rear shock link is connected via a 
mount includes a first end and a second end , wherein both spherical pivot joint to a forward end of the lower 
the first end and the second end include bolt holes for shock pivot member ; 
fastening the upper shackle mount to the chassis . wherein the flexible , composite member is coupled at a 

first end to the one or more slide rails . 6. The snowmobile of claim 4 , wherein the upper shackle 5 12. The skid frame of claim 11 , wherein the rear shock mount includes a top member and a bottom member , link is a Y - shaped member extending from the lower shock wherein the top member is affixed to the bottom member . pivot member to the upper cross member , the lower shock 7. The snowmobile of claim 4 , wherein the rear suspen pivot member being coupled to the one or more slide rails . 
sion further includes : 13. The skid frame of claim 11 , wherein the flexible , 

a forward cross member coupled to the one or more slide composite member includes a main body and a secondary 
rails ; and body . 

a front shock having a first end connected to the forward 14. The skid frame of claim 13 , wherein the main body is 
cross member and a second end connected to a mount- affixed to the chassis via an upper shackle mount . 
ing bracket on the upper shackle mount . 15. The skid frame of claim 14 , wherein the shackle upper 

8. The snowmobile of claim 1 , wherein the flexible , mount includes a first end and a second end , wherein both 
the first end and the second end include bolt holes for composite member includes first and second arms and a 

central arm , wherein the first and second arms are connected fastening the upper shackle mount to the chassis . 
on a first end to a lower shackle mount and on a second end 16. The skid frame of claim 14 , wherein the upper shackle 
to an upper shackle mount and wherein the central arm is mount includes a top member and a bottom member , 

20 
connected on a first end to the lower shackle mount . wherein the top member is affixed to the bottom member . 

9. The snowmobile of claim 8 , further including a tran 17. The skid frame of claim 14 , wherein the rear suspen 
sion further includes : sition assembly affixed to the central arm , wherein the 

transition assembly includes at least a tab extending under a forward cross member coupled to the one or more slide 
one or both of the first and second arms , wherein the at least rails ; and 
one tab is separated from one or both of the first and second a front shock having a first end connected to the forward 

cross member and a second end connected to a mount arms by an initial distance . 
10. The snowmobile of claim 9 , wherein the at least one ing bracket on the upper shackle mount . 

tab is brought into contact with the first and second arms , 18. The skid frame of claim 11 , wherein the flexible , 
respectively , in response to travel of the rear suspension . composite member includes first and second arms and a 

11. A skid frame comprising : central arm , wherein the first and second arms are connected 
on a first end to a lower shackle mount and on a second end one or more slide rails ; 

upper idler wheels connected by an upper cross member ; to an upper shackle mount and wherein the central arm is 
and connected on a first end to the lower shackle mount . 

a rear suspension comprising : 19. The skid frame of claim 18 , further including a 
a flexible , composite member ; transition assembly affixed to the central arm , wherein the 
a rear shock connected between the one or more slide transition assembly includes at least a tab extending under 

rails and the upper cross member ; one or both of the first and second arms , wherein the at least 
a rear shock link ; one tab is separated from one or both of the first and second 
a rear cross member coupled to the one or more slide arms by an initial distance . 

rails ; and 20. The skid frame of claim 19 , wherein the at least one 
a lower shock pivot member pivotally connected to the tab is brought into contact with the first and second arms , 

rear cross member , wherein the rear shock is con respectively , in response to travel of the rear suspension . 
nected to a rear portion of the lower shock pivot 

25 

30 

a 

35 

40 


